IMPORTANCE Through prescription writing, dental clinicians are a potential source of initial opioid exposure and subsequent abuse for adolescents and young adults.
A buse of opioids is a public health crisis in the United States. 1, 2 Dentists are the leading source of opioid prescriptions for children and adolescents aged 10 to 19 years, accounting for 31% of opioid prescriptions in this age group in 2009. 3 A recent investigation found that dental opioid prescriptions for 11-to 18-year-old children and adolescents increased from 99.7 per 1000 dental patients in 2010 to 165.9 per 1000 dental patients in 2015, 4 with nearly onequarter of the first opioid prescriptions in this age group coming from dental clinicians.
5
A common source of dental opioid exposure is third molar (wisdom teeth) extractions, 6,7 a procedure for which current frequency estimates are unknown but was estimated to have occurred in approximately 5 million Americans per year in 1999. 8, 9 Because there is controversy about the riskbenefit profile of third molar extractions, 10,11 which are performed with unexplained variability 12 and have been deemed by some to be unnecessary in the majority of cases, 9 a better understanding of the frequency of this procedure and the use of opioids postoperatively is needed. The Optum Research Database provides claims information for a large population of privately insured patients in the United States and contains deidentified inpatient, outpatient, and pharmaceutical claims data from approximately 12 million to 14 million privately insured patients per year from across 50 states. The database includes information on prescriptions with a link to the clinician type.
Using the Optum database, this investigation aimed to (1) compare the frequency of opioid use at 90 to 365 days after the index or phantom prescription date and subsequent health care encounters associated with opioid abuse and death within 365 days among patients aged 16 to 25 years with and without an index dental opioid prescription in 2015 and (2) describe the frequency and source of opioid prescriptions among patients aged 16 to 25 years in 2015.
Methods

Design and Data Source
This investigation was a retrospective, double cohort study 13 examining opioid prescriptions for patients in the Optum Research Database. Optum provides claims information for a large sample of privately insured patients in the United States and contains deidentified inpatient, outpatient, and pharmaceutical claims data as well as laboratory data for approximately 12 million to 14 million privately insured patients per year from across 50 states. The claims are sourced from Optum's sister company and its affiliates. The database includes demographic and socioeconomic characteristics (ie, age, sex, geographic region, race/ethnicity, and household income), encounter data (ie, hospital admissions, outpatient visits, and associated procedures), pharmaceutical data (ie, filled pharmaceutical claims, number of days' supply, dosage dispensed, medication strength, and method of administration), financial data (ie, total cost, copayment, and deductibles), and laboratory results (test description and results). The Stanford University institutional review board, Stanford, California, determined that this study does not meet the definition of human patient research and was therefore exempt from review.
Study Population
Patients were included if their year of birth was from 1990 to 1999, corresponding to an approximate age range of 16 to 25 years in 2015, the common age for eruption and extraction of third molars. Patient flow is depicted in the Figure. T oanalyze the proportion of patients who received at least 1 opioid prescription in 2015, we limited the sample to patients who were enrolled throughout 2015 (the most contemporaneous data available, given the need for 12 months of follow-up data). Counts of opioid prescriptions were calculated per personyear to compare opioid exposure in included and excluded patients.
Claims for outpatient opioid prescriptions were linked using the National Provider Identifier number to a clinician unique number and then its corresponding prescriber category. Dental categories included doctor of medicine in dentistry, doctor of dental surgery, general dentist, general dentistdoctor of medicine in dentistry, general dentist-doctor of dental surgery, or general surgeon-oral/maxillofacial specialist.
The index dental opioid cohort was defined as patients who (1) received an outpatient opioid prescription from a dental clinician in 2015; (2) had evidence of insurance coverage in the Optum database for a minimum of 12 months preceding the opioid prescription without any evidence of opioid prescriptions, opioid abuse (as defined by International Classification of Diseases, Ninth Revision [ICD-9] and International Statistical Classification of Diseases and Related Health Problems, Tenth Revision [ICD-10] diagnosis codes), or a complex chronic condition, as described by Feudtner et al, 14, 15 during that time; and (3) had evidence of continued coverage in Optum for at least 12 months following the prescription. Opioid prescription fills were identified using therapeutic class codes 280808 or 28080800 (opiate agonists). To define index dental opioid exposures, we did not consider opioids that were unlikely to be prescribed by dental clinicians (eg, opioid and caffeine mixtures), whereas the comprehensive list of opioids in the class code was used to define previous and subsequent opioid exposure. We excluded patients who were hospitalized up to
Key Points
Question Are opioid prescriptions from dental clinicians that are written for pain management of third molar extractions from adolescents and young adults associated with subsequent opioid use and abuse?
Findings In this cohort analysis of claims data, index opioid prescriptions in opioid-naive adolescents and young adults compared with age-and sex-matched controls were associated with a statistically significant 6.8% absolute risk increase in persistent opioid use and a 5.4% increase in the subsequent diagnosis of opioid abuse.
Meaning
The findings suggest that dental opioid prescriptions, which may be driven by third molar extractions in this age group, may be associated with subsequent opioid use and opioid abuse.
7 days before receiving the index dental opioid prescription to limit the population to patients who were more likely to have undergone elective outpatient procedures. We created an opioid-nonexposed control cohort as follows. First, we divided patients not in the index dental opioid cohort into 20 discrete age-sex strata (2 strata for each year of age). We randomly assigned phantom prescription dates to patients within each strata that corresponded to the actual prescription dates for the opioid-exposed patients within the same strata. Control patients were similarly required to have continuous health care coverage for 12 months before and after the phantom prescription date, with no complex chronic conditions, no documentation of opioid use or abuse during the 12 months before the phantom prescription date, and no hospitalizations in the previous 7 days. Among patients who fit these criteria, 2 controls were randomly selected per case.
Outcomes
The following outcomes were measured: (1) at least 1 additional filled opioid prescription at 90 to 365 days after the initial prescription or phantom date, (2) at least 1 subsequent health care encounter with an ICD-9 or ICD-10 diagnosis code associated with opioid abuse within 365 days, (3) and death within 365 days. The 90-day start time for subsequent prescriptions was decided a priori based on similar investigations of new persistent opioid use [16] [17] [18] to examine new prescriptions that were unlikely to be associated with the initial indication. The ICD diagnoses (eTable in the Supplement)were derived from previous publications 19-21 assessing opiate overdoses and from querying the complete online list of codes provided by the World Health Organization.
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Statistical Analysis
Characteristics and outcomes were described and compared between opioid-exposed and opioid-nonexposed patients using contingency tables, χ 2 tests, and absolute risk differences. Multivariable logistic regression was used to examine potential associations with persistent opioid use and abuse in the index dental opioid cohort: age (stratified as 16-18, 19-21, and 22-25 years) , sex, race/ethnicity, geographic region, and previous diagnoses of nonopioid substance abuse. Socioeconomic status information was not included as a covariate because this data field was missing for approximately 15% of the sample and because this variable is derived from other demographics. All associations and potential interactions (defined a priori) between age and race/ethnicity or sex and race/ ethnicity were assessed using the likelihood ratio test. Statistical significance was defined at the level of a 2-sided α = .05. All analyses were performed using Stata/SE, version 14.2 (StataCorp).
Results
Of 1 506 986 patients aged 16 to 25 years who were enrolled during 2015, 752 984 (50.0%) were not continuously enrolled for the entire year (Figure) . For the 754 002 continuously enrolled participants, 97 462 patients (12.9%) received at least 1 opioid prescription, of whom 29 791 (30.6%) received prescriptions supplied by a dental clinician (84.6% from a doctor of medicine in dentistry or doctor of dental surgery, 13.0% from a general dentist, and 2.4% from a general surgeonoral/maxillofacial specialist). The mean number of opioid prescriptions filled per person-year for excluded patients (those without continuous enrollment in 2015) was 0.19 vs 0.20 for continuously enrolled patients ( Figure) . After exclusions for previous complex chronic conditions, hospitalizations within 7 days, and opioid prescriptions or diagnoses of opioid abuse within 12 months of the index opioid prescription, 14 888 individuals were included in the index dental opioid cohort (7882 30 of 29 776 individuals (0.1%) in the opioid-nonexposed cohort (adjusted absolute risk difference, 6.8%; 95% CI, 6.3%-7.2%; P < .001) ( Table 2 ). The second opioid prescription was provided by a dental clinician for 276 of 1021 (27.0%) patients (doctor of dental surgery for 124; doctor of medicine in dentistry, 69; general dentist, 66; endodontist, 11; periodontist, 5; and pedodontist, 1). For the 745 second opioid prescriptions not provided by a dental clinician, the leading clinician-type categories were unknown prescriber (n = 134), emergency medicine physician (n = 132), orthopedic surgeon (n = 69), physician assistant (n = 58), otolaryngologist (n = 55), family practitioner (n = 50), obstetrician/gynecologist (n = 34), general surgeon (n = 25), and general internist (n = 24). A median (interquartile range) of 20 (16-28) pills were dispensed for the second opioid prescription; this number of pills did not differ between dental and nondental clinicians. Because opioid-exposed patients had initial dental visits and opioid-nonexposed individuals may not have had dental visits, we also examined subsequent opioid prescriptions from nondental clinicians among individuals who received nonopioid prescriptions (eg, antibiotics) from dental clinicians. The results showed that only 0.3% (5 of 1628 patients) of opioidnonexposed patients who received a dental nonopioid prescription filled opioid prescriptions from nondental clinicians at 90 to 365 days compared with 5.0% (745 of 14 888) of the opioid-exposed patients (P < .001).
At least 1 subsequent health care encounter with an ICD-9 or ICD-10 diagnosis code associated with opioid abuse within 365 days was documented for 866 patients (5.8%) in the opioidexposed cohort and 115 (0.4%) in the opioid-nonexposed cohort (adjusted absolute risk difference, 5.3%; 95% CI, 5.0%-5.7%; P < .001). For the 866 opioid-exposed patients with a diagnosis of opioid abuse, the first encounter occurred within 90 days for 570 patients (65.8%). Hospitalizations associated with a diagnosis of opioid abuse were more common in the opioid-exposed cohort (74 of 14 888 [0.5%]) than in the opioidnonexposed cohort (79 of 29 776 [0.3%]) (adjusted absolute risk difference, 0.2%; 95% CI, 0.1%-0.4%; P < .001).
For multivariable analysis comparing persistent opioid use at 90 to 365 days and the diagnosis of opioid abuse within 365 days in the opioid-exposed cohort, individuals aged 22 to 25 years were less likely than those aged 16 to 18 years to have persistent opioid use (adjusted odds ratio [aOR], 0.7; 95% CI, 0.6-0.9) and abuse (aOR, 0.8; 95% CI, 0.7-1.0). Female patients were more likely to have persistent use (aOR, 1.2; 95% CI, 1.0-1.4) and abuse (aOR, 11.5; 95% CI, 9.4-14.8), and Asian race/ ethnicity was associated with decreased odds of persistent use (aOR, 0.6; 95% CI, 0.4-0.9) and abuse (aOR, 0.3; 95% CI, 0.2- 
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Dental Clinician-Prescribed Opioids for Adolescents and Young Adults and Subsequent Substance Abuse 0.6). Previous nonopioid substance abuse was associated with persistent use (aOR, 3.7; 95% CI, 2.9-4.7) and abuse (aOR, 4.5; 95% CI, 3.4-5.9) ( Table 3) . For patients who were prescribed more than 20 pills compared with 20 or fewer pills for the index prescription, persistent use (6.6% vs 7.0%; P = .53) and abuse (5.7% vs 5.9%; P = .75) were not significantly different. A sensitivity analysis using a time window of substance abuse at 90 to 365 days instead of 0 to 365 days yielded the following aOR results: lower aOR for female patients (aOR, 3.2; 95% CI, 2.4-4.2) and higher aOR for previous nonopioid substance abuse (aOR, 4.5; 95% CI, ); aORs for race/ ethnicity and geographic region were no longer statistically significant for any subcategory. At 12 months' follow-up of the cohorts, 1 death was reported in each cohort, and this was not significantly different between cohorts (P = .62).
Discussion
In this retrospective investigation of a national sample of privately insured adolescents and young adults, the results showed that exposure to opioids through a dental clinician in a population of opioid-naive patients was associated with higher rates of opioid use at 90 to 365 days later and subsequent diagnoses associated with opioid abuse or overdose compared with controls. The results also showed that a substantial proportion of overall opioid exposure in this age group came from dental clinicians, findings that warrant close attention given the current epidemic of opioid abuse.
Several ported persistent use in 3.1% of opioid-naive elderly patients undergoing major elective surgery but did not include a control group for comparison. Sun et al 23 described a small but significant increase in the risk of chronic use, defined as more than 10 prescriptions, following surgery. In a recent investigation using claims data involving adolescents and young adults, 4.8% of 13-to 21-year-old patients filled opioid prescriptions from 90 to 180 days after a surgical procedure compared with 0.1% of nonsurgical controls. 18 Finally, a recent investigation using a dental claims database showed that 1.3% of patients who filled an opioid prescription after a third molar extraction had new persistent opioid prescription use at 90 days compared with 0.5% of patients who underwent third molar extraction but did not fill an opioid prescription. 24 However, unlike our study results, patients with any subsequent surgery or anesthesia were excluded from that analysis and persistent use was defined as filling a second opioid prescription at 4 to 90 days and a third opioid prescription at 90 to 365 days. Although we were unable to discern whether repeated opioid prescriptions were provided for new, painful medical conditions, there is no reason why the probability of these indications would vary by index opiate prescription. In addition, the higher probability of abuse diagnoses in the exposed cohort suggests that many of the repeated opioid prescriptions in this cohort were related to substance abuse.
Similar to the results of our study, several other investigations have identified female sex as a risk factor for opioid exposure or persistent use. 18, [24] [25] [26] In our study, the aOR for subsequent abuse among women was 11.5 (95% CI, 9.4-14.8). That this aOR was higher than that for persistent use (aOR, 1.2; 95% CI, 1.0-1.4) may in part be explained by the time windows for exposure being different for these 2 outcomes. In addition, this discrepancy suggests that perhaps women were using opiates obtained from nonprescription sources. One investigation suggested that women are more likely than men to misuse opioids for nonanalgesic purposes (ie, anxiety or tension).
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It is possible that increased subsequent use of opioids and diagnoses of substance abuse among women is partly explained by increased overall utilization of health care services by women compared with men. Our investigation adds several new dimensions to the existing literature. Because dental procedures are largely not covered by medical insurance, most previous studies using claims databases have been unable to quantify persistent opioid use when the index prescription follows a dental procedure. By linking the prescriptions to clinician categories, we were able to gain insight into the contribution of dental care to overall and persistent opioid use. The proportion of patients (6.9%) with new persistent opioid use in our study was slightly higher than that reported in other studies, 16, 17, 23 which may reflect the vulnerable age range of patients that we analyzed and/or different time windows for evaluation. We showed that only 27% of the second opioid prescriptions came from dental clinicians, indicating that many subsequent opioid prescriptions were likely written for new, nondental issues rather than subsequent molar removals. In addition, unlike previous studies, we identified diagnoses associated with opioid abuse and found that a concerning proportion of patients exposed to opioids had at least 1 subsequent diagnosis of opioid abuse. By limiting our cohort to patients with no filled opioid prescriptions and no diagnoses of abuse in the 12 months preceding the opioid prescription, we attempted to create an opioid-naive cohort. However, especially given the relatively high proportion of patients who were given an abuse diagnosis within 90 days of the index prescription, it is likely that some patients had preexisting opioid abuse not documented in the claims database during the study period.
Although the indication for these opioid prescriptions is not obtainable in the Optum database, given the available data on the frequency of third molar extractions 8,9,27 and subsequent opioid prescriptions, 6, 7, 24 it is likely that this procedure is responsible for most of these prescriptions. Because of the multiple additional potential risks beyond opioid exposure associated with this procedure, 28,29 anesthesia
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(including sporadic deaths [31] [32] [33] [34] ), and prescribed prophylactic antibiotics, 35,36 updated population-level estimates for the frequency of this procedure and associated complications are needed.
One proposed solution to limit opioid exposure following dental procedures has been to use nonopioid alternatives such as nonsteroidal anti-inflammatory medications or longacting local anesthesia. 37 Another solution is to limit the quantity of opioids dispensed. Some pills may be given to friends or family, 38 and many of these pills remain unused, 39 indicating that similar to other common surgical procedures, the quantity prescribed is excessive (the median number dispensed in our study was 20). 40 If third molar extractions are the primary source of exposure to opioids, given that the potential risks and complications of the procedure extend beyond the potential for opioid use and abuse and given the lack of evidence supporting removal of asymptomatic third molars,
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there is also a need to focus on potentially unnecessary procedures. More studies are needed to understand when benefits are likely to exceed risks and costs.
Limitations
This investigation has several limitations. We relied on ICD-9 and ICD-10 diagnosis codes for the diagnosis of opioid abuse and used previous similar investigations 19-21 and a direct search of diagnosis codes to construct a comprehensive list. However, the full list of codes has not been validated with medical record review; thus, misclassification may have occurred. The database only includes privately insured patients. Although the demographics (Table 1 ) of our sample reasonably reflect the US population in terms of geographic and racial/ethnic diversity, our findings may not be generalizable to other privately insured or publicly insured patients. At least 1 publication has reported higher use of opioids among Medicaid-enrolled women compared with privatelyinsured women.
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Last, because of our attempt to analyze patients with continued insurance coverage, there was fallout of patients from the original sample, which is likely explained by frequent shifts in insurance coverage in this age range. Although fallout poses a potential threat to generalizability of the findings, these concerns are partially mitigated by the fact that the mean opioid prescription fill count in person-years was similar between patients included and excluded from the study.
Conclusions
Many adolescents and young adults are exposed to opioids from prescriptions given by dental clinicians. The findings of our study suggest that opioid-naive patients who receive an opioid prescription from a dental clinician may be at risk for persistent opioid use and abuse. Given the potential contribution of third molar extractions to the opioid epidemic, heightened scrutiny regarding this procedure and opioid prescriptions associated with postoperative care is warranted. 
